Introduction
In most developing countries, biomass is the main source of energy, with 2.7 billion people globally using traditional biomass as their primary cooking fuel (IEA 2010) . The reliance on biomass -essentially wood and charcoal -is particularly high in Sub-Saharan Africa.
At 81 percent, the proportion of people relying on these fuels is higher than in any other region (UNDP/WHO 2009). Woodfuel usage for cooking purposes is associated with various negative effects on people's living conditions. The emitted smoke is a major health threat: According to WHO (2009a) , 2 million people die every year as a consequence of socalled household air pollution -more deaths than are caused by malaria (MARTIN ET AL. 2011). In Senegal alone, some estimated 6,300 people die every year because of household air pollution (WHO 2009b) . In rural areas, firewood often has to be collected posing a burden of workload -especially for women. In urban areas, woodfuels are mostly purchased, which incurs significant costs for households.
Furthermore, in arid countries with rather low biomass production such as Senegal, this reliance may cause wood to be extracted in an unsustainable manner. The resulting deforestation not only affects global climate due to a loss of carbon sinks, but also leads to more immediate regional and local environmental impacts, including land degradation and loss of biodiversity. The deforestation effect of charcoal, the primary woodfuel in urban Senegal, is even worse than that of firewood: First, the charcoal production process is intensive and puts more pressure on forest resources than does fuelwood collection, which is carried out by the rural population in a rather extensive way (KAMMEN AND LEW 2005) . Second, charcoal production in its traditional form tends to be inefficient implying that cooking with charcoal requires roughly twice as much raw wood as does cooking with firewood. Not least, due to an increased urban usage of charcoal -a result of ongoing urbanization processes -the total consumption of woodfuel in Sub-Saharan Africa is steadily growing (FAO 2008 , IEA 2006 .
Besides policy interventions on the supply side, like improved forestry management systems or reforestation initiatives, two approaches can reduce deforestation pressure on the demand side: the usage of more efficient, so-called improved cooking stoves (ICS), or switching to non-wood fuels such as liquefied petroleum gas (LPG) or kerosene. In Senegal, both strategies have been pursued for several decades, leading to a situation in which LPG is dominantly used in urban areas. Although a national subsidy and promotion program to foster LPG usage was already launched already in the 1970's, charcoal is still used widely. Therefore, since the 1980's the international donor community and national governments have put much effort into disseminating ICS in Senegal and other developing countries. Recently, the harmful effects of biomass usage for cooking purposes and the dissemination of ICS have gained much public attention in the wake of the creation of the Global Alliance for Clean Cookstoves. As part of the United Nations Foundation and promoted by the US Secretary of State, Hillary Clinton, the Global Alliance intends to bring ICS or improved fuels like LPG to 100 million homes in developing countries by 2020. 1 In general, ICS are designed to reduce the fuel consumption per meal and to curb smoke emissions. The definition of ICS ranges from more sophisticated bricked stoves with chimneys leading the smoke out of the kitchen to very simple portable clay or metal stoves that just improve the heating process. 2 While the assumptions about positive impacts of disseminating such cooking devicesreducing fuelwood consumption and thereby work load and health burdens as well as deforestation pressures -seem to be straightforward, rigorous impact evaluations of these development interventions are rare. For Africa, BENSCH AND PETERS (2011) evaluate the impacts of ICS usage in rural Senegal by means of a field experiment for which ICS were randomly assigned to households.
They find a substantial reduction of firewood consumption and self-reported respiratory disease and eye infection symptoms. Cooking time is also considerably reduced, whereas we do not find a significant impact on firewood collection time. Beyond this study, evidence for Africa, in particular for urban areas, is completely lacking. The impacts of ICS usage in cities can be expected to differ considerably from ICS impacts it rural areas because different fuels and stoves are used here. The present paper aims to address this lacuna with a rigorous evaluation of the impacts of ICS usage on charcoal consumption related to a dissemination project by Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) in urban Senegal. The GIZ intervention called Foyers Améliorés au Sénégal (FASEN) is one of the many projects that participate in the Global Alliance for Clean Cookstoves. The ICS disseminated by FASEN are simple portable metal stoves with a clay inlay to store the heat, which have also been disseminated in other Africa countries. 4 The research project was assigned by the Independent Evaluation Unit of GIZ. Based on a survey among 624 urban households conducted between August and September 2009 in the target areas of the GIZ intervention in the cities of Dakar and Kaolack, we examine the 3 No document is published on the Bangladesh evaluation yet. See www.povertyactionlab.org for details.
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potential reduction in charcoal consumption induced by the usage of ICS. Beyond the direct environmental impact, the reduction in charcoal consumption is decisive for all potential subsequent impacts like reduced smoke emissions and energy expenditures.
Hence, by rigorously assessing charcoal consumption, we also examine the plausibility of impacts on the level of these subsequent indicators. To the extent that charcoal is economized, for example, one can assume that people's exposure to harmful particles is also reduced.
The virtue of our data is that it contains detailed information on cooking behavior and fuel usage for each meal of a typical day for the respective household and for each stove that is used for this meal. In our context, a typical meal is composed of two dishes, mostly rice and sauces, which are prepared on two stoves. Having this data at hand, we are able to estimate charcoal savings per dish using Ordinary Least Squares (OLS) regression in combination with propensity score matching, the so-called propensity score weighted regression approach. This method controls for household-specific characteristics, as well as dish-and meal-specific cooking patterns such as the number of persons cooked for and the type of dish that is cooked. In addition to controlling for observable heterogeneity between ICS users and non users, we scrutinize the existence of possible unobservable differences by extensive qualitative investigations that complemented the survey field work. Additionally accounting for changes in cooking frequency and fuel choices allows us to estimate the total charcoal savings induced by the GIZ project. Since this indicator is assessed on the household level, we apply conventional propensity score matching here.
The identification assumption at the heart of this methodology is discussed in Section 4 after a review of the country and project background and a presentation of the research design in Section 2 and 3, respectively. In Section 5, we present the results. Section 6 concludes. According to data gathered by the National Union of Forest Workers (UNCEFS) in 2010, the capital city of Dakar alone consumed 94,000 tons of charcoal per year, which corresponds to one fifth of the national consumption (SIE 2007) . This demand can only be met using wood cut several hundred kilometers from the capital. The charcoal is often produced in the neighboring country, Gambia, or in the Casamance region in Southern Senegal. These more humid areas produce much more biomass than the arid regions in the rest of Senegal. While Senegal still has a relatively high share of primary forests, these forests mainly consist of small trees and shrubbery. Deforestation leads to annual forest losses of around 0.5 percent, which is slightly above the average for Western and Central African their surveys, charcoal production has led to a degradation of 28 percent of Senegal's wooded savannas and woodlands (TAPPAN 2000) . In fact, it is particularly charcoal that harms forest stands, since -due to an inefficient production process -cooking with charcoal requires roughly twice the amount of raw wood that is needed when cooking with firewood (see Section 1).
Against this background of deforestation and woodfuel scarcities, GIZ is active in the The ICS promoted by FASEN is called Jambar. The Jambar is a simple stove, composed of a metal casing and an insert of fired clay. Thanks to simple design improvements, the fuel burns more efficiently, the heat is better conserved and much more focused towards the cooking pot than with traditional stoves. Different ICS models exist that are fuelled with firewood or charcoal. The charcoal model is the relevant one for urban Senegal, where charcoal is virtually the only woodfuel used. The traditional counterpart is the so-called Malagasy, a simple pyramid-shaped single-pot metal charcoal stove. In controlled cooking tests (CCT), field laboratory tests in which local women cook typical meals under day-today conditions with both stove types, the Jambar stove saved 40 percent of charcoal compared to the Malagasy. The Jambar is sold on local markets or directly by whitesmiths at a price ranging between 4,500 FCFA and 9,000 FCFA (9.50 to 18.9 US$), depending on the size. The Malagasy stove is sold at 1,500 FCFA (3.15 US$). The FASEN dissemination strategy has drawn lessons from the inability of predecessor projects to create a sustainable market for ICS in Senegal. In spite of large ICS programs since the 1980s, the market for ICS was virtually non-existent when FASEN started its activities. In demarcation to these earlier programs, the project does not directly subsidize the production or purchase of ICS. Instead, on the supply side potters and whitesmiths are trained in producing ICS that fulfill pre-defined quality requirements. They are also supported through specific financing mechanisms and in the marketing of their products. deviate from day-to-day cooking at home. Third, the CCT cannot account for the heterogeneity of households in terms of socio-economic characteristics that might affect user skill and thereby fuel consumption -such as income or education. Fourth, the cook in a CCT cannot be expected to be equally habituated in cooking with the different stove types.
For total woodfuel savings, an additional fifth factor is not represented in the savings rate determined through a CCT: Households might prepare more hot meals or cook for more people because cooking becomes cheaper due to the higher efficiency of the ICS -a phenomenon referred to as rebound effect that is observed for different energy services after an increase in energy efficiency (see HERRING, SORREL, AND ELLIOTT 2009). Likewise because cooking becomes cheaper using the ICS, households might switch from LPG to charcoal for certain dishes or meals. All these deficiencies of CCT can be overcome by evaluating real-life woodfuel consumption based on a survey among a large sample of households that captures the diversity and dynamics of day-to-day cooking practices.
In designing our identification strategy we account for the methodological issues that are typical to evaluations and that are comprehensively addressed in FRONDEL AND SCHMIDT (2005) and RAVALLION (2008) . An ideal evaluation framework would be to observe the same ICS using households i in the factual situation with an ICS (Ti = 1) and in the counterfactual situation without an ICS (Ti = 0). We would then just compare woodfuel consumption (or other impact indicators), denoted Yi, in both situations and calculate the mean treatment effect on the treated, Mi. Formally, Mi can be written as the difference of the conditional expectations E for the impact variable:
Obviously, we can never observe both situations for the same household, since it either has purchased an ICS or not. In order to overcome this fundamental evaluation problem, we have to replace the unobservable and, hence, non-computable counterfactual outcome.
For this purpose, we apply a cross-sectional comparison of factual ICS users and factual ICS non-users.
While the identification assumptions that are required to justify the appropriateness of a cross-sectional approach are more demanding than for a difference-in-difference approach or experimental methods, the cross-sectional comparison is simply the only viable approach in our setting. A field experiment was not feasible due to the unrestricted access to ICS in the urban areas; households in the randomized control group could readily obtain ICS on the market, thereby compromising the validity of the experiment. The methodologically second-best option, a difference-in-difference approach based on beforeafter data is also not practical, since attrition is typically strong in urban Africa, in particular if one intends to look at a sufficiently long ICS usage period, which is two to three years in our case.
In order to derive an unbiased estimate for the woodfuel savings using this cross-sectional approach, the identification assumption has to hold that the ICS non-owning control households behave like the ICS owning households would if they had not bought an ICS.
A crucial point to be taken into account here is that the FASEN project follows a marketbased approach. Households decide on their own whether to get an ICS or not and, hence, self-select into the treatment so that the group of ICS owners might be different from the non-owners. For example, one might expect that better educated households are more likely to buy an ICS, because they better understand its advantages or financial benefits. In order to avoid that the level of education of household members confounds the impact assessment, we control for it, in the same manner as we do for other relevant characteristics which all enter the covariate vector Xi.
A second key aspect in our analysis is that our two impact indicators have to be determined on two different levels: woodfuel savings on the level of each stove application (or dish) and total woodfuel savings on the level of each household. For the dish level, a myriad of different stove and fuel choice patterns exists. For example, households prepare breakfast on an LPG stove and lunch on two different stove types, an LPG and a charcoal stove, either traditional or improved. Thus, another set of dish-specific covariates Zij should be accounted for, where j refers to the different dishes throughout the day. Components of Zij are, for example, the distinction between main dish (rice mostly) and side dish (some sauce mainly), whether the dish is cooked for breakfast, lunch, or dinner, or the number of persons the respective dish is cooked for.
Different specifications S exist for including the Xi and Zij into our identification assumption. In formal terms, a valid specification S allows us to replace the right-hand side of equation (1) by the conditional expectation of the impact variable for the comparison group such that the mean treatment effect becomes
The most straightforward specification is simply to control for Xi and Zij in a multivariate regression model (e.g. Ordinary Least Squares, OLS) for the total woodfuel savings indicator and the per dish indicator, respectively. Of course, Xi only allows for controlling for observable differences between the two groups. Implicitly, we therefore assume that there are no systematic unobservable differences beyond the observable Xi between the ICS owners and ICS non-owners that affect both the decision to buy an ICS and the impact variables at the same time. Examples of potentially unobserved heterogeneity that might violate the identification assumption in our case are the women's intrinsic propensity to save resources or their astuteness. Although one might argue that such differences can be well approximated by observable characteristics like education or membership in associations (which we both capture), some aspects might remain unobservable in the structured questionnaire. In order to further reduce the threat of a selection bias, we put much effort into scrutinizing the existence of such unobservable confounding differences by complementary qualitative interviews with households and key informants. The findings are presented in Section 4.
Besides the multivariate regression approach, another possibility to assess the total woodfuel savings on the household level is a specification based on propensity score matching (PSM). We estimate propensity scores for households, in order to ensure that we limit the comparison to homogenous groups of households, this is, groups of observations that have the same probability to own an ICS based on the observable Xi. The assumption behind this is that the more homogenous the compared groups -ICS owners and matched non-owners -are with respect to observables, the more homogenous they may also be with respect to unobservables.
However, we do not include all Xi in PSM for this indicator. Instead, in addition to PSM we stratify the sample into two groups according to the covariate that differentiates between households using charcoal mainly to prepare the main dish and those that use it for side dish preparation. Descriptive statistics presented in Section 4.2 show that the proportions of these two groups considerably differ between ICS owners and non-owners and that the frequency of charcoal stove usage strongly differs between them: Those using the charcoal stove only for side dishes use charcoal less often. Including the side or main dish characteristic in a propensity score matching approach together with other covariates on household level would blur the strong effect that this household feature has on charcoal consumption. In other words, the predicted propensity scores of the two household types could be quite similar because of values other household covariates take on. This could lead to a direct comparison of total charcoal consumption of two household types, although we know that they are non-comparable in this regard due to completely different charcoal usage frequencies.
For the indicator woodfuel savings per stove application the additional challenge is that it has to be analysed on the level of individual stove applications. Here, a couple more factors than on household level strongly determine woodfuel consumption, most notably whether the dish is prepared for breakfast, lunch, or dinner and the duration of the cooking process. Exact matching as done on the household level would be an alternative in principle, but is not possible in light of the larger number of covariates to match on.
Sample sizes for most cells would then become too small for a proper analysis.
We therefore proceed differently: In order to benefit from the improved comparison on the household level established by propensity score matching, we combine PSM with the regression-based specification using a propensity score weighted regression approach.
Here, the propensity scores enter a weight that is used to balance treatment and control households. For the average treatment effect, BRUNELL AND DINARDO (2004) determine the weighting as specified in Table 1 . Apart from the propensity scores, the weighting formula also includes the fraction of treatment and control observations. Both Xi and the Zij are included as control variables in the weighted regression. Hence, we determined for our two impact indicators two specifications each (Table 1) . It can be concluded that -while the OLS-based specification for the per stove application savings indicator at least serves as a valid robustness check -the OLS-based specification for the total woodfuel savings indicator is clearly inferior in to the matching estimators.
We therefore apply all other three specifications in the impact analysis presented in Section 5.
The Data
In light of the methodological considerations presented in the previous section, the purpose of data collection was to obtain information on ICS owning and non-owning households were interviewed -508 in Dakar and 116 in Kaolack.
The main survey tool was a structured questionnaire covering virtually all socio-economic dimensions that characterize the household's living conditions. A particular focus of the questionnaire is on cooking energy, cooking behavior and patterns of fuel provision. The core impact variable, the charcoal consumed per stove used for dish preparation, was elicited from the person responsible for cooking. She was asked to enumerate all stoves used for meal preparation throughout a typical day as well as information on the cooking duration and the number of persons cooked for. In case the stove was fuelled with charcoal, she was further asked to specify the amount of fuel used with the specific stove for the specific dish. The enumerators were equipped with weigh scales to weigh the amount of charcoal shown by the woman. Yet, households most often were able to accurately indicate the weight of the fuel in kilogram themselves, because they usually buy charcoal for each meal individually in grams or kilograms. For this reason, they are very familiar with quantifying the amount of charcoal they use. We used the information on charcoal consumption for all prepared dishes and the frequency with which the respective stove is used throughout a typical day to determine the houshold's charcoal consumption per week.
In addition to cooking-related questions, the questionnaire also covers income sources, time use, and gender related issues. The interviews took, on average, around 45 minutes.
The structured questionnaire delivers data for quantitative analysis and is complemented and cross-checked by qualitative information from semi-structured interviews among selected key informants such as women groups, ICS producers, or local chiefs, so-called chefs du quartier.
Cooking behavior and living conditions in the survey regions
This section's objective is first, to discuss the comparability of the ICS owners and nonowners. This is crucial in order to assess if our identification assumption is appropriate and, hence, whether we will be comparing comparables. For this purpose, we scrutinize in this section to what extent differences in household characteristics exist and whether they have been captured in our structured questionnaires. The second objective of this section is to present the environment and the living conditions in the survey regions, the households' structure, educational and occupational background, financial situation, and, in particular, the cooking behavior.
Cooking behavior
The Households in these situations resort to charcoal. Third, although LPG is not more expensive than charcoal on a per dish basis, households have to invest in an LPG bottle, which lasts for around ten days. The price of a 6 kg bottle was at 2700 FCFA in Dakar and 3400 FCFA (4-5 EUR, around 1 percent of the average monthly household income) in
Kaolack at the time of the survey. Households with little and unstable income prefer charcoal that can be purchased in small quantities on a day-to-day or even meal-to-meal basis. Fourth, even if people are able to buy the LPG bottle, they are likely not to have more than one. Yet, the typical Senegalese meals that are also prevailing in the survey regions are based on two dishes, mostly rice and sauces, for which two stoves are required. (Table 2) . Since this has implications for the following impact analysis of ICS ownership, we distinguish between two groups: (1) the 63 percent of sample households that employ charcoal never or only in exceptional cases, which we will call LPG always users in the following, and (2) the remaining 36 percent of households, the simultaneous LPG and charcoal users, who use both LPG and charcoal on a regular basis. Among the LPG always households with ICS, we cannot expect strong impacts, since they simply do not use the ICS on a regular basis. This is also the reason for which no data on every-day charcoal usage patterns can be obtained from that group. Therefore, we will in the following focus the comparability assessment on the 210 simultaneous LPG and charcoal users and calculate stove and meal-specific charcoal savings based on this subsample only.
Comparing the comparable?
Virtually all simultaneous LPG and charcoal user households are connected to the electricity grid and water access is widely available as well. Most of the households (83 percent) even dispose of a private tap at home. Housing conditions, the composition of households, and their financial situation suggest a better status of ICS owners. We perform t-and chisquared tests to find out whether statistically significant differences between our two comparison groups exist. These can only be found in the number of rooms inhabited and bank account ownership, which is a common proxy for both the regular reception of income and access to credits. Table 3 also shows the primary occupation and, hence, the main income source of the household heads. No substantial differences between ICS owners and non-owners can be seen. This supports qualitative findings from our field work, suggesting that income is not a decisive variable in driving the decision to obtain an ICS.
Beyond income, it is frequently argued that the probability of ICS adoption depends on the ability of a household to understand the advantages of ICS usage. Among the observable variables, this can best be grasped by the educational level of the women. Table Table 3 Elias and Birch (1994) according to so-called skill levels. S.D. refers to the standard deviation. Differences between the two groups at a significance level of 10 %, 5 % and 1 % are pointed out by *, ** and *** respectively in the very right column. They are tested by means of t-and chi-square tests.
In fact, we find some statistically significant differences between ICS owners and nonowners in terms of both years of schooling and highest level of education. Yet, when regressing the ICS adoption decision on the different characteristics mentioned in the two tables, we do not find joint significance for them, which rather refutes the notion of two systematically different comparison groups. Note: Differences between the two groups at a significance level of 10 %, 5 % and 1 % are pointed out by *, ** and *** respectively in the very right column. They are tested by means of t-and chi-square tests.
The patterns of charcoal stove usage can, however, be identified as a major driver of the decision to buy an ICS: Households that only use a charcoal stove for side dishes are less likely to buy an ICS than those that also use it for main dishes. Among ICS non-users, the proportion of side dish users is 49 percent whereas it amounts to only 33 percent among ICS users. This is due to two reasons: First, households that use charcoal stoves for main dishes use it more often than those that use charcoal for side dishes (Table 5) . Second, the main dish requires longer cooking time and, hence, bears higher potentials for charcoal savings. Since we have detailed data on the usage of each stove individually, we can easily control for these factors. Apart from these observable differences between ICS owners and non-owners one might suspect unobservable differences such as astuteness and intrinsic propensity to save resources. While we can control for observable differences in the estimation models, unobservable differences could bias our cross-section comparison in case they also affect the outcome of woodfuel consumption. During the field work, we put much effort into The basic message is that no indication for a distorting effect of unobservable variables could be found. Overall, ICS adoption seems to be mainly driven by personal relations: If a neighbor or a friend buys an ICS, this clearly affects the inclination to buy one. Social proximity to women groups that market the ICS also plays a role. We capture this in the structured questionnaire by asking whether the woman is member in a women group or any other association. For other potential network characteristics, we did not find any hint in qualitative interviews that such networks are formed by women, for example, with a particular intrinsic inclination to save resources. Only if this were the case, i.e., only if the participation in such a social network would be per se associated with a lower charcoal consumption, our impact assessment would be biased.
Impact Assessment

Charcoal consumption per dish
The descriptive survey results presented in Section 4 have revealed that households in urban Senegal in principle use LPG and charcoal simultaneously and employ different stoves for different meals with different frequencies. These findings underpin the relevance of accounting for features of cooking customs in our analysis by examining the charcoal consumption on stove usage level.
In a first step, we examine the mean values of charcoal consumption for these two stove types. We account for two basic particularities that affect charcoal consumption for dish preparation and, consequently, the savings potentials: First, we account for the number of people a meal is prepared for and, second, whether it is a breakfast, dinner, or lunch meal.
Accordingly, Table 6 shows charcoal consumption per dish and per capita for the different meals to determine the efficiency gain. The average savings rate across all applications is 28.6 percent. Depending on the particular dish prepared, stark differences can be observed. For breakfast, the savings rate amounts to mere 10 percent. This has to do with the fact that people usually do not prepare a complete meal but -if they use a stove -rather prepare porridge. Because of a very short cooking duration charcoal savings cannot materialize. On the other hand, the savings rate is highest if the ICS replaces the Malagasy for main dish at lunch (not shown in the table). Here, almost 37 percent of the charcoal is economized, which confirms the results from the CCT.
Employing two different models based on OLS, we regress charcoal consumption per dish on ICS usage and control for relevant characteristics in order to further increase the accuracy of our impact assessment (Table 7) . The central variable, ICS usage, is a dummy variable taking the value one if the respective dish is prepared on an ICS and zero otherwise. In Model 1, we control in a simple OLS setup for both dish-and householdspecific characteristics. While dish-specific characteristics may differ from dish to dish, this is, obviously, not the case for household-specific characteristics, which are the same for all dishes prepared in a household. In Model 2, we combine this approach with propensity score weighting. The covariates included in the probit regression that generates the propensity score are the household variables already included in the pure OLS regression Model 1. 7
These household level control variables, first, include the sex of the head of household as well as the education of the woman responsible for cooking. We try to capture potential social network effects through a dummy indicating whether the mother is member of an association.
Furthermore, we include the logarithm of household income, a dummy for bank account ownership reflecting the household's access to credits and ability to pay as well as housing conditions represented by whether the floor is tiled in the household as a wealth indicator.
Another dummy specifies whether a FASEN partner (either women group or whitesmith) is located in the quarter of the respective household. Finally, a dummy is included indicating whether the household is located in Dakar or Kaolack. Coming to the control variables on the dish level used in the OLS regression, we first control for the number of persons the meal is cooked for. Different from Table 6 , we do so in terms of adult equivalents in order to account for differences in household size and composition -consumption needs of young children, for instance are less than those of prime age adults. 8 Since adult equivalents can be expected to influence charcoal consumption in a non-linear decreasing way, they also enter the equations in squared terms. Furthermore, we include a dummy taking the value one if the charcoal stove is used for a main dish. We also differentiate between breakfast, dinner, and lunch meals by including two dummies (lunch and dinner). In addition, we add another dummy indicating whether the respective meal is prepared on multiple stoves or on one single stove only.
Sometimes Senegalese households just warm up a meal; we control for this by including a short cooking dummy. Obviously, charcoal consumption for such dishes is lower than for proper meals. In addition, by means of this dummy we account for the fact that ICS first need some time to heat up and cannot realize their efficiency advantage in such quick dishes. 9 Although it is rather uncommon in urban Senegal to cook outdoors, we also include a dummy for whether the dish is prepared outdoors or inside.
The results depicted in Table 7 show a highly significant effect of using an ICS on the charcoal consumed per dish that proves to be very robust across the two applied methods.
The coefficient for the ICS utilization variable can be transferred to absolute terms by inserting 1 and 0 for this variable for ICS and Malagasy usage respectively, while setting the covariates in this regression at their average value. Accordingly, a Malagasy stove consumes around 1.42 kg of charcoal and an ICS only around 1.05 kg per stove utilization, which yields a savings rate of 25.9 percent or 25.1 percent for the simple OLS and the weighted OLS respectively. The comparison with the savings rate calculated in Table 6 shows that controlling for further potential influences in a regression model leads to an attenuation in the rate. The success of the weighting exercised in Model 2 can be tested by the Hotelling's Tsquared test that scrutinizes the differences in means for the joint set of all included covariates between the treatment and control group. The test shows a significant difference before the weighting (p-value 0.026), which vanishes completely after weighting (p-value 0.974).
Altogether, we confirm the existence of a strong and significant effective efficiency increase reflected in a reduction in charcoal consumption per dish of 25 to 26 percent if the household switched from a traditional charcoal stove to an ICS. However, the savings are lower than one would expect from the results from CCT.
Total charcoal savings
At the end of the day, the decisive question with regard to the effectiveness of the FASEN project is how much charcoal is economized in total. In this section we gauge the total charcoal savings -taking into account potential rebound and fuel switching effects. In a first step we subtract the LPG always group, from the amount of ICS that have replaced
Malagasy stoves due to the FASEN intervention, simply because they hardly use charcoal and, hence, the ICS. As displayed in Table 9 , we differentiate by whether the household is For these households, we calculate in a second step the absolute savings that accrue to an ICS using household because it changes from Malagasy stove to ICS usage. For this purpose, we compare the mean weekly charcoal consumption of an ICS using household to the weekly charcoal consumption of a comparable Malagasy using household. As outlined in Section 3.1, we apply a matching approach in two stages: we first stratify the households into households that use their charcoal stove mainly for main dishes and those who use it for side dishes bearing in mind that the two differ considerably in terms of frequency of charcoal usage (see also Taking into account the total number of ICS disseminated by FASEN and the fact that a considerable share does not use the ICS regularly, this yields a total annual amount of 10 P-values of the likelihood-ratio test of the joint influence of all the covariates before and after matching goes up from 0.32 to 0.79 and from 0.21 to 0.83 for the two strata, respectively. At the same time, the mean absolute standardised bias for all covariates goes down from 18.9% to 12.3% and 22.3% to 12.6%. Looking at individual covariates, for each of the two strata we do not find statistically significant differences for the ten included covariates.
saved charcoal due to the FASEN intervention in both cities of 4,520 tons (see Table 9 shortages. Also, around one third of the ICS-owning households in our random sample rely almost exclusively on LPG. As a consequence, we cannot expect many impacts to emerge among the mostly LPG-using households, simply because a switch from a traditional charcoal stove to an ICS cannot change very much if charcoal is hardly used.
Accounting for this feature of the sample, we used the remaining households that use LPG and charcoal simultaneously to cross-sectionally evaluate the effect on charcoal consumption if the household switches from a traditional stove to an ICS. We strongly benefit from the detailed data that we collected on each cooking process in the household.
This allows us to evaluate charcoal consumption on the level of each individual stove application, so we cannot only control for household characteristics but also for dishspecific cooking behavior. In fact, these dish-specific characteristics have turned out to be highly relevant for the charcoal consumption per dish. We find significant reductions in charcoal consumption if an ICS is used to prepare a dish instead of a traditional charcoal stove, with an average savings rate per dish of 25 to 26 percent. Taking into account this savings rate and the different stove and fuel usage patterns among the FASEN beneficiaries, we obtain an amount of saved charcoal of 4,520 to 5,100 tons per year for the totality of stoves disseminated by the intervention. This corresponds to around 1.0 to 1.1 percent of the amount of charcoal consumed in the whole country or around 4.8 to 5.5 percent of Dakar's total consumption.
It can therefore be concluded that the savings triggered by the project constitute a relevant contribution to alleviate pressure on forests in Senegal. They can as well clearly be considered a success of the FASEN project given its rather short intervention period and its comparatively limited scope. These charcoal savings also have to be valued against the background of the simplicity of the promoted technology: The ICS are locally produced low-cost devices that -using our savings rate -amortize already after two to three months for an average charcoal-using household. The challenge for the project, of course, is to institutionalize the established structures on the ICS market in order to assure the sustainability of the approach beyond the project cycle. In any case, the importance of ICS for the household energy sector in urban Senegal is beyond discussion: Cooking with charcoal will remain a widespread bridging and backup technology, most importantly because of LPG shortages and because it can be purchased in small amounts on a day-today basis.
In spite of the successes in terms of charcoal savings, it has to be noted that we found stark differences between households that use their charcoal stove for side dishes only and those who also use it for main dishes. Among the first group, rebound effects could be observed of such a magnitude that the efficiency gains of ICS were almost completely negated. Correspondingly, the reduction in charcoal consumption among the group of households who also used the stove as main dish was considerably larger. These households, moreover, tend to be less well-off.
This observation leads over to the recommendation to ICS dissemination projects to thoroughly verify the targeting of their activities. If the real energy-poor people are supposed to benefit from the project, urban areas with a widespread usage of LPG in combination with readily available charcoal might better be avoided. The classical benefits of ICS usage on health or gender related outcomes due to reduced smoke emissions and fuelwood collection time cannot materialize in such an environment. It is therefore recommendable to extend the project activities to rural areas where virtually all households still use firewood for their cooking purposes that they have to collect in a timeconsuming way. Furthermore, exposure to cooking-related smoke is much higher. This rural target group thereby bears substantially more potentials for socio-economic impacts beyond reducing deforestation pressures, in particular in terms of gender and health.
From a methodological point of view, our analysis has to rely on a cross-sectional comparison of ICS users and non-users. Although we include a number of control variables that afford reasonably broad coverage of the determinants of charcoal consumption, the possibility of omitted variable bias can never be completely ruled out.
Yet, the complementary qualitative interviews indicate that the control variables we have at hand in the quantitative analysis succeeded in capturing the relevant heterogeneity.
With regards to future research this clearly suggests applying mixed methods approaches that combine quantitative and qualitative methods. Thereby, the robustness of crosssectional comparisons can be increased, making possible the evaluation of relevant policy issues for which experimental methods or panel approaches are difficult or impossible to implement.
